Transport mechanism of anthracycline derivatives in human leukemia cell lines: uptake and efflux of pirarubicin in HL60 and pirarubicin-resistant HL60 cells.
We studied the transport mechanism of pirarubicin (THP) in HL60 and its THP-resistant (HL60/THP) cells, which showed no expression of mdr1 mRNA on Northern blot analysis. Under physiological conditions, the uptake of THP by both types of cell was time- and temperature-dependent. The amount of drug transport in the resistant cells was significantly less than that in the parent cells within 3 min of incubation. THP uptake was significantly higher in the presence than in the absence of 4 mM 2,4-dinitrophenol (DNP) in glucose-free Hanks' balanced salt solution in both HL60 and HL60/THP cells and the increases were approximately equal. In the presence of DNP, the uptake of THP by both types of cell was concentration-dependent, and there were no significant differences in the apparent kinetic constants (Michaelis constant (Km), maximum velocity (Vmax) and Vmax/Km) for THP uptake between HL60 and HL60/THP cells. Additionally, THP transport was competitively inhibited by its analogue doxorubicin. The efflux of THP from HL60/THP cells was significantly greater than that from HL60 cells, and the release from both types of cell was completely inhibited by decreasing the incubation temperature to 0 degrees C and by treatment with DNP in glucose-free medium. In contrast, the P-glycoprotein inhibitors verapamil and cyclosporin A did not inhibit THP efflux. However, genistein, which is a specific inhibitor of multidrug resistance-associated protein (MRP), increased the THP remaining in the resistant cells, and the value was approximately equal to that of the control group in the sensitive cells. These results suggest that THP is taken up into HL60 and HL60/THP cells via a common carrier by facilitated diffusion, and then pumped out in an energy-dependent manner. Furthermore, the accelerated efflux of THP by a specific mechanism, probably involving MRP, other than the expression of P-glycoprotein, resulted in decreased drug accumulation in the resistant cells, and was responsible, at least in part, for the development of resistance in HL60/THP cells.